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Description 

[0001] This invention relates to intraluminal stents 
which can be used to reduce restenosis of body lumens 
and to methods of making such intraluminal stents. s 
[0002] Restenosis is the closure of a peripheral or cor- 
onary artery following trauma to the artery caused by 
efforts to open an occluded portion of the artery, such 
as, for example, by dilation, ablation, atherectomy or 
laser treatment of the artery. For these angioplasty pro- 10 
cedures, restenosis occurs at a rate of about 20-50% 
depending on the vessel location, lesion length and a 
number of other variables. Restenosis is believed to be 
a natural healing reaction to the injury of the arterial wall 
that is caused by angioplasty procedures. The healing is 
reaction begins with the clotting of blood at the site of 
the injury The final result of the complex steps of the 
healing process is intimal hyperplasia, the migration 
and proliferation of medial smooth muscle cells, until the 
artery is again stenotic or occluded. 20 
[0003] In an attempt to prevent restenosis, metallic 
intravascular stents have been permanently implanted 
in coronary or peripheral vessels. The stent is typically 
inserted by catheter into a vascular lumen and 
expanded into contact with the diseased portion of the 25 
arterial wall, thereby providing internal support for the 
lumen. However, it has been found that restenosis can 
still occur with such stents in place. Also, the stent itself 
can cause undesirable local thrombosis. To address the 
problem of thrombosis, persons receiving stents also 30 
receive extensive systemic treatment with anticoagulant 
and antiplatelet drugs. 

[0004] To address the restenosis problem, it has been 
proposed to provide stents which are seeded with 
endothelial cells (Dichek, DA et al Seeding of Intravas- 35 
cular Stents With Genetically Engineered Endothelial 
Cells; Circulation 1989; 80: 1347-1353). In that experi- 
ment, sheep endothelial cells that had undergone retro- 
virus-mediated gene transfer for either bacterial beta- 
galactosidase or human tissue-type plasmogen activa- 40 
tor were seeded onto stainless steel stents and grown 
until the stents were covered. The cells were therefore 
able to be delivered to the vascular wall where they 
could provide therapeutic proteins. Other methods of 
providing therapeutic substances to the vascular wall by 45 
means of stents have also been proposed such as in 
international patent application WO 91/12779 Intralu- 
minal Drug Eluting Prosthesis" and international patent 
application WO 90/13332 "Stent With Sustained Drug 
Delivery". In those applications, it is suggested that so 
antiplatelet agents, anticoagulant agents, antimicrobial 
agents, antimetaboiic agents and other drugs could be 
supplied in stents to reduce the incidence of restenosis. 
[0005] In the vascular graft art, it has been noted that 
fibrin can be used to produce a biocompatible surface. 55 
For example, in an article by Soldani et aL, "Bioartificial 
Polymeric Materials Obtained from Blends of Synthetic 
Polymers with Fibrin and Collagen" International Jour- 



nal of Artificial Organs, Vol. 14, No. 5. 1991, poly- 
urethane is combined with fibrinogen and cross-linked 
with thrombin and then made into vascular grafts. Jn 
yjyo tests of the vascular grafts reported in the article 
indicated that the fibrin facilitated tissue ingrowth and 
was rapidly degraded and reabsorbed. Also, published 
European Patent 0366564 applied for by Terumo 
Kabushiki Kaisha, Tokyo, Japan, discloses a medical 
device such as an artificial blood vessel, catheter or arti- 
ficial internal organ is made from a polymerized protein 
such as fibrin. The fibrin is said to be highly nonthrom- 
bogenic and tissue compatible and promotes the uni- 
form propagation of cells that regenerates the intima. 
Also, in an article by Gusti et al., "New Biolized Poly- 
mers for Cardiovascular: Applications", Life Support 
Systems, Vol. 3, Suppl. 1, 1986, 'biolized" polymers 
were made by mixing synthetic polymers with fibrinogen 
and cross-linking them with thrombin to improve tissue 
ingrowth and neointima formation as the fibrin biode- 
grades. Also, in an article by Haverich et al., "Evaluation 
of Fibrin Seal in Animal Experiments", Thoracic Cardio- 
vascular Surgeon, Vol. 30, No. 4, pp. 215-22, 1982, the 
authors report the successful sealing of vascular grafts 
with fibrin. However, none of these teach that the prob- 
lem of restenosis could be addressed by the use of 
fibrin and, in fact, conventional treatment with anticoag- 
ulant drugs following angioplasty procedures is under- 
taken because the formation of blood clots (which 
include fibrin) at the site of treatment is thought to be 
undesirable. 

[0006] However, surprisingly, it has now been found 
that an intraluminal stent comprising fibrin is capable of 
reducing the incidence of restenosis at the site of a vas- 
cular injury and can also serve as a matrix for the local 
administration of drugs to the site of a vascular injury. 
Fibrin is a naturally occurring bioabsorbable polymer of 
fibrinogen that arises during blood coagulation. As set 
forth above, antiplatelet and anticoagulant agents are 
thought to be desirable to prevent thrombosis (and to 
thereby prevent fibrin formation) in the lumen at the site 
of dilation or other treatment. By contrast, it has now 
been found that providing fibrin at the site of treatment 
can provide a readily tolerated, bioabsorbable surface 
which will interact in a natural manner with the body's 
healing mechanism and reduce the prospect for the inti- 
mal hyperplasia that causes restenosis. 
[0007] Thus viewed from one aspect the invention pro- 
vides an intraluminal stent for combatting restenosis, 
said stent comprising fibrin arranged to be positioned at 
a vascular lumen wall. 

[0008] A stent according to the present invention can 
be made in virtually any configuration and can be deliv- 
ered conventionally by catheter to the site of the luminal 
closure or restriction. 

[0009] Viewed from a further aspect therefore the 
invention also provides a stent assembly comprising a 
stent according to the invention, and a catheter having 
at a distal end a balloon, the stent being mounted on the 
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outer surface of the balloon, and preferably being 
affixed thereto, e.g. with adhesive. 
[001 0] The stent may be fabricated by any convenient 
method but typically is manufactured by depositing fibrin 
on a stent substrate, e.g. by polymerization at or about s 
the substrate or by attachment of a fibrin preform (e.g. a 
film) to the substrate or by polymerizing fibrin in an 
appropriate vessel, e.g. a cylindrical vessel optionally 
containing a central core member whereby to generate 
a cylindrical polymer fibrin mass and optionally forming 10 
the polymer mass into a desired shape. 
[001 1 ] Thus viewed from one further aspect the inven- 
tion provides a method for making an intraluminal stent 
according to the invention, said method comprising 
depositing fibrin on a stent substrate. is 
[001 2] Viewed from a still further aspect the invention 
also provides a method for making an intraluminal stent 
according to the invention, said comprising the steps of: 

(a) admixing fibrinogen with a coagulating protein 20 
to produce fibrin; 

(b) neutralizing the coagulating protein; 

(c) incubating the fibrin in a biological buffer solu- 
tion; and 

(d) forming the fibrin into an intraluminal stent. 25 

[001 3] Viewed from a still further aspect the invention 
provides the use of fibrinogen or fibrin for the manufac- 
ture of an intraluminal stent for use in combatting reste- 
nosis. 30 
[0014] The term "stent" as used herein means any 
device which when placed into contact with a site in the 
wall of a lumen to be treated, will also place the fibrin at 
the lumen wall and retain it at the lumen wall. This can 
include especially devices delivered percutaneously to 35 
treat coronary artery occlusions and to seal dissections 
or aneurysms of splenic, carotid, iliac and popliteal ves- 
sels. 

[001 5] The term "fibrin" as used herein means the pol- 
ymer of fibrinogen that is produced during blood coagu- 40 
lation. 

[001 6] Blood coagulation generally requires the par- 
ticipation of several plasma protein coagulation factors: 
factors XII, XI. IX, X, VIII, VII, V, XIII, prothrombin, and 
fibrinogen, in addition to tissue factor (factor III), kal- 45 
likrein, high molecular weight Wninogen, Ca* 2 , and 
phospholipid. The final event is the formation of an 
insoluble, cross-linked polymer, fibrin, generated by the 
action of thrombin on fibrinogen. Fibrinogen has three 
pairs of polypeptide chains (ALPHA 2 - BETA 2 - so 
GAMMA 2) covalently linked by disulfide bonds with a 
total molecular weight of about 340,000. Fibrinogen is 
converted to fibrin through proteolysis by thrombin. An 
activation peptide, fibrinopeptide A (human) is cleaved 
from the amino-terminus of each ALPHA chain; fibri- 55 
nopeptide B (human) from the amino-terminus of each 
BETA chain. The resulting monomer spontaneously 
polymerizes to a fibrin gel. Further stabilization of the 



fibrin polymer to an insoluble, mechanically strong form, 
requires cross-linking by factor XIII. Factor XIII is con- 
verted to Xllla by thrombin. Xllla cross-links the 
GAMMA chains of fibrin by transglutaminase activity, 
forming EPSILON - (GAMMA -glutamyl) lysine cross- 
links. The ALPHA chains of fibrin also may be cross- 
linked. 

[001 7] Since fibrin blood clots are naturally subject to 
fibrinolysis as part of the body's repair mechanism, 
implanted fibrin can be rapidly biodegraded. Plasmino- 
gen is a circulating plasma protein that is adsorbed onto 
the surface of the fibrin polymer. The adsorbed plas- 
minogen is converted to plasmin by plasmogen activa- 
tor released from the vascular endothelium. The 
plasmin will then break down the fibrin into a collection 
of soluble peptide fragments. 
[00181 Methods for making fibrin and forming it into 
implantable devices are well known as set forth in the 
following patents and published applications. In U.S. 
Patent 4,548,736 issued to Muller et al., fibrin is dotted 
by contacting fibrinogen with a fibrinogen-coagulating 
protein such as thrombin, reptilase or ancrod. Prefera- 
bly, the fibrin in the stent of the present invention has 
Factor XIII and calcium present during clotting, as 
described in U.S. Patent 3,523,807 issued to Gerendas, 
or as described in published European Patent 0366564, 
in order to improve the mechanical properties and 
biostability of the implanted device. AJso preferably, the 
fibrinogen and thrombin used to make fibrin in the 
present invention are from the same animal or human 
species as that in which the stent of the present inven- 
tion will be implanted in order to avoid cross-species 
autoimmune reactions. In the Muller patent, the fibrin 
product is in the form of a fine fibrin film produced by 
casting the combined fibrinogen and thrombin in a film 
and then removing moisture from the film osmotically 
through a moisture permeable membrane. In the Euro- 
pean Patent 0366564, a substrate (preferably having 
high porosity or high affinity for either thrombin or fibrin- 
ogen) is contacted with a fibrinogen solution and with a 
thrombin solution. The result is a fibrin layer formed by 
polymerization of fibrinogen on the surface of the 
device. Multiple layers of fibrin applied by this method 
could provide a fibrin layer of any desired thickness. Or, 
as in the Gerendas patent, the fibrin can first be clotted 
and then ground into a powder which is mixed with 
water and stamped into a desired shape in a heated 
moid. Increased stability can also be achieved in the 
shaped fibrin by contacting the fibrin with a fixing agent 
such as glutaraldehyde or formaldehyde. These and 
other methods known by those skilled in the art for mak- 
ing and forming fibrin may be used in the present inven- 
tion. 

[001 9] Preferably the coagulating effect of any resid- 
ual coagulation protein in the fibrin should be neutral- 
ized before employing it in the stent of the present 
invention in order to prevent clotting at the fibrin inter- 
face with blood after stent implantation. This can be 
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accomplished, for example, by treating the fibrin with 
irreversible coagulation inhibitor compounds after 
polymerization. For example, hirudin or D-phenylalanyl- 
propyl-arginine chloromethyl ketone (PPACK) could be 
used. Anti-coagulants such as heparin can also be 5 
added to reduce the possibility of further coagulation. 
[0020] Polymeric materials can also be intermixed in 
a Wend or co-polymer with the fibrin to produce a mate- 
rial with the desired properties of fibrin with improved 
structural strength. For example, the polyurethane 10 
material described in the article by Soldani et al., "Bio- 
artificial Polymeric Materials Obtained from Blends of 
Synthetic Polymers with Fibrin and Collagen" Interna- 
tional Journal of Artificial Organs, Vol. 14, No. 5, 1991, 
could be sprayed onto a suitable stent structure. Suita- 75 
ble polymers could also be biogradeable polymers such 
as polyphosphate ester, polyhydroxybutyric valerate 
(PHBV) and the like. 

[0021] In U.S. Patent 4,548,736 issued to Muller et al., 
a fibrin composition is disclosed which can be a bioab- 20 
sorbable matrix for delivery of drugs to a patient. Such a 
fibrin composition can also be used in the present 
invention by incorporating a drug or other therapeutic 
substance useful in diagnosis or treatment of body 
lumens to the fibrin provided on the stent. The drug, 25 
fibrin and stent can then be delivered to the portion of 
the body lumen to be treated where the drug may elute 
to affect the course of restenosis in surrounding luminal 
tissue. Examples of drugs that are thought to be useful 
in the treatment of restenosis are disclosed in published 30 
international patent application WO 91/12779 "Intralu- 
minal Drug Eluting Prosthesis". Therefore, useful drugs 
for treatment of restenosis and drugs that can be incor- 
porated in the fibrin and used in the present invention 
can include drugs such as anticoagulant drugs, 35 
antiplatelet drugs, antimetabolite drugs, anti-inflamma- 
tory drugs and antimitotic drugs. Such therapeutic sub- 
stances can also be microencapsulated prior to their 
inclusion in the fibrin. The micro-capsules then control 
the rate at which the therapeutic substance is provided 40 
to the blood stream or the body lumen. This avoids the 
necessity for dehydrating the fibrin as set forth in Muller 
et al., since a dense fibrin structure would not be 
required to contain the therapeutic substance and limit 
the rate of delivery from the fibrin. For example, a suita- 45 
ble fibrin matrix for drug delivery can be made by adjust- 
ing the pH of the fibrinogen to below about pH 6.7 in a 
saline solution to prevent precipitation (e.g. , NaCI, CaCI, 
etc.), adding the microcapsules, treating the fibrinogen 
with thrombin and mechanically compressing the result- so 
ing fibrin into a thin film. The microcapsules which are 
suitable for use in this invention are well known. For 
example, the disclosures of U.S. Patent No. 4,897,268, 
4,675,189; 4,542,025; 4,530,840; 4,389,330; 
4,622,244; 4,464,31 7; and 4,943.449 could be used. ss 
[0022] As discussed above, in one embodiment the 
stent of the invention can have an underlying polymeric 
or metallic structural element, a "stent substrate", onto 



which the fibrin is applied. In another embodiment the 
stent can be a composite of f forin intermixed with a pol- 
ymer. For example, a deformable metal wire stent such 
as that disclosed in U.S. Patent 4,886,062 issued to 
Wiktor could be coated with fibrin as set forth above in 
one or more coats (i.e polymerization of fibrin on the 
metal framework by application of a fibrinogen solution 
and a solution of a fibrinogen-coagulat'ng protein) or 
provided with an attached fibrin preform such as an 
encircling film of ftorin made as set forth above (i.e a 
cast film as set forth in the Muller et al. patent). The 
stent and fibrin could then be placed onto the balloon at 
a distal end of a balloon catheter and delivered by con- 
ventional percutaneous means (e.g. as in an angi- 
oplasty procedure) to the site of the restriction or 
closure to be treated where it would then be expanded 
into contact with the body lumen by inflating the balloon. 
The catheter can then be withdrawn, leaving the fibrin 
stent of the present invention in place at the treatment 
site. The stent may therefore provide both a supporting 
structure for the lumen at the site of treatment and also 
a structure supporting the secure placement of fibrin at 
the lumen wall. 

[0023] Preferred embodiments of the invention will 
now be described by way of Example and with refer- 
ence to the accompanying drawings, in which: 

Fig. 1 is a elevational view of a balloon catheter with 
a stent according to the present invention compris- 
ing a metallic substrate with a fibrin coating; 
Fig. 2 is a elevational view of a balloon catheter with 
a stent according to the present invention compris- 
ing a metallic substrate provided with a fibrin film; 
Fig. 3 is an elevational view of a fibrin incorporating 
polymeric stent according to the present invention; 
and 

Figs. 4 to 1 0 are schematic illustrations of a method 
of making a stent according to the present inven- 
tion. 

[0024] Referring to Figure 1 there is shown a stent 
according to the invention in place on a balloon cathe- 
ter. The catheter 1 0 has a balloon 1 5 upon which a stent 
20 has been placed, the stent 20 having a deformable 
metal portion 22 and a fibrin coating 24 thereon. Fig. 2 
shows an alternative stent 30 in which a fibrin film 32 
has been affixed to the underlying metallic framework 
34, e.g. by wrapping the film 32 around the framework 
34 and securing the film 32 to the framework 34 (e.g. 
with an adhesive materials so that the film 32 will stay 
on the balloon 36 and framework 34 until it is delivered 
to the site of treatment. The film 32 is preferably 
wrapped over the framework 34 with folds or wrinkles 
that will allow the stent 30 to be readily expanded into 
contact with the wall of the lumen to be treated. 
[0025] Also, for example, a self-expanding stent of 
resilient polymeric material such as that disclosed in 
published international patent application WO 91/12779 
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"Intraluminal Drug Eluting Prosthesis" could be used in 
which fibrin is coated onto the stent or incorporated 
within the polymeric material of the stent. A stent of this 
general configuration is shown in Fig. 3. The stent 40 
has a first set of filaments 42 which are helically wound 
in one direction and a second set of filaments 44 which 
are helically wound in a second direction. Any or all of 
these filaments 42, 44 could be fibrin and/or a blend of 
fibrin with another polymer. The combination of fibrin 
with another polymer may be preferred to provide 
improved mechanical properties and manufacturability 
for the individual filaments 42, 44. A suitable material for 
fibrin-containing filaments 42, 44 is the crosslinked 
blend of polyurethane and fibrin used as a vascular graft 
material in the article by Soldani et al.. "Bioartificial Pol- 
ymeric Materials Obtained from Blends of Synthetic Pol- 
ymers with Fibrin and Collagen" International Journal of 
Artificial Organs, Vol. 14, No. 5, 1991. Other biostable or 
bioerodeable polymers could also be used. A fibrin-con- 
taining stent of this configuration can be affixed to the 
distal end of a catheter in a longitudinally stretched con- 
dition which causes the stent to decrease in diameter. 
The stent is then delivered through the body lumen on 
the catheter to the treatment site where the stent is 
released from the catheter to allow it to expand into con- 
tact with the lumen wall. It will be apparent to those 
skilled in the art that other self-expanding stent designs 
(such as resilient metal stent designs) could also be 
used with fibrin either incorporated in the material of the 
underlying structure of the stent or coated on the under- 
lying structure of the stent. 

[0026] A preferred method of making a stent accord- 
ing to the present invention is illustrated by Figs. 4-10. 
Fig. 4 is an elevational view of a stent and rigid tube into 
which the stent is inserted. Fig. 5 is an elevational view 
of the tube of Fig. 4 into which a catheter balloon is 
inserted. Fig. 6 is partial sectional view of the tube of 
Fig. 5 with included stent and catheter. Fig. 7 is a partial 
sectional view of the tube of Fig. 6 to which fibrin has 
been added. Fig. 8 is a partial sectional view of the tube 
of Fig. 7 in which the balloon has been expanded. Fig. 9 
is an elevational view of the resulting stent being 
removed from the tube of Fig. 8. Fig. 1 0 is an elevational 
view of the completed stent mounted on the balloon of a 
catheter. 

[0027] Referring to Figures 4 to 10, a stent 50 of the 
type disclosed in United States Patent 4,886,062 issued 
to Wiktor is inserted into a tube 55 which is preferably 
made from a rigid material and which has an inside 
diameter which is large enough to accommodate an 
unexpanded PTCA balloon but which is smaller than a 
fully inflated PTCA balloon. A PTCA balloon 60 
attached to a catheter 62 and inflation device (not 
shown) is inserted into the stent 50 and tube 55. Fibrin- 
ogen at a pH of about 6.5, suspended in a saline solu- 
tion, and thrombin are inserted into the tube 55 around 
the deflated balloon 60 and stent 50. The amount of 
thrombin added is not critical but preferably will polym- 



erize the fibrinogen to fibrin 65 in about 5 minutes. After 
polymerization, the fibrin is allowed to crosslink for 
about an hour. The balloon 60 is then inflated to com- 
press the fibrin 65 between the balloon 60 and tube 55. 
s The balloon 60 is then deflated and removed from the 
tube 55. The resulting fibrin stent 70 includes the stent 
50 embedded in a very thin elastic film of fforin 65. The 
fibrin stent 70 may then be removed from the tube 55 
and washed in a buffered saline solution. Further 
10 processing of the fibrin stent can also be undertaken to 
neutralize thrombin with PPACK or hirudin; to add anti- 
coagulants such as heparin; to further facilitate 
crosslinking by incubation at body temperature in a bio- 
logical buffer such as a solution of blood serum buffered 
is by 4-(2-Hydroxyethyl)-1-piperazineethanesuIfonic acid 
(HEPES); or to add plasticizers such as glycerol. The 
resulting fibrin stent can then be placed over a balloon, 
and secured onto the balloon by crimping. The stent can 
then be delivered transluminal^ and expanded into 
20 place in the body lumen by conventional procedures. 
[0028] In a variant of this procedure, the metal stent 
portion may be eliminated to make a fibrin tube which 
can be placed on a balloon catheter and expanded into 
place in a body lumen. The absence of permanently 
25 implanted metal elements would allow the entire stent to 
biodegrade as healing is completed in the body lumen. 

Claims 

30 1 . An intraluminal stent (20) for combatting restenosis, 
said stent comprising fibrin (24) arranged to be 
positioned at a vascular lumen wall. 

2. A stent as claimed in claim 1 having an underlying 
35 structure (22) of a deformable material. 

3. A stent as claimed in claim 2 wherein said deform- 
able material is a metal. 

40 4. A stent as claimed in either of claims 2 and 3 
wherein said deformable material is embedded in 
the fibrin. 

5. A stent (30) as claimed in either of claims 2 and 3 
45 wherein the fibrin is in a film (32) on said deforma- 
ble material (34). 

6. A stent as claimed in any one of claims 1 to 5 
wherein the fibrin is intermixed with a polymeric 

so material. 

7. A stent as claimed in any one of claims 1 to 6 com- 
prising a fibrin in which residual coagulating protein 
has been neutralized. 



55 

8. A stent as claimed in any one of claims 1 to 7 
wherein the fibrin contains a therapeutic substance. 
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9. A stent as claimed in claim 8 wherein said thera-. 
peutic substance is incorporated in microcapsules. 

10. A stent as claimed in either of claims 8 and 9 
wherein said therapeutic substance is selected s 
from anticoagulant drugs, antiplatelet drugs, 
antimetabolite drugs and antimitotic drugs. 

11. A stent assembly comprising a stent (20) as 
claimed in any one of claims 1 to 10 further com- w 
prising a catheter (10) having a balloon (15) at a 
distal end thereof, the stent being mounted on the 
outside surface of said balloon. 

12. A method for making an intraluminal stent for com- 75 
batting restenosis as defined in claim 1, said 
method comprising depositing fibrin on a stent sub- 
strate. 

13. A method as claimed in claim 12 wherein fibrin is 20 
polymerized on said substrate. 

14. A method as claimed in claim 13 wherein polymeri- 
zation is effected by applying to said substrate suc- 
cessively (a) a solution of fibrinogen and (b) a 25 
solution of a fbrinogen-coagulating protein. 

1 5. A method as claimed in claim 1 4 further comprising 
neutralizing the coagulating effect of residual coag- 
ulating protein. 30 

16. A method as claimed in claim 15 wherein neutrali- 
zation is effected by the addition of a thrombin 
inhibitor. 

35 

17. A method as claimed in any one of claims 14 to 16 
wherein the fibrinogen-coagulating protein is 
selected from thrombin, reptiiase and ancrod. 

18. A method as claimed in any one of claims 13 to 1 7 40 
further comprising the step of incubating the fibrin 

in a biological buffer solution. 

19. A method as calimed in claim 12 wherein a fibrin 
preform is applied to said substrate. 45 

20. A method as claimed in claim 19 wherein said pre- 
form is a film. 

21. A method as claimed in either of claims 19 and 20 so 
wherein said preform is secured to said substrate 
with an adhesive. 

22. A method as claimed in any one of claims 12 to 21 
further comprising the step of affixing the stent onto ss 
a distal end of a catheter. 

23. A method as claimed in claim 22 wherein the cath- 



eter is a balloon catheter and the stent is affixed 
upon the balloon thereof. 

24. A method for making an intraluminal stent for com- 
batting restenosis as defined in claim 1, said 
method comprising the steps of: 

(a) admixing fibrinogen with a coagulating pro- 
tein to produce fibrin; 

(b) neutralizing the coagulating protein; 

(c) incubating the fibrin in a biological buffer 
solution; and 

(d) forming thefibin into an intraluminal stent. 

25. A method as claimed in claim 24 wherein said 
coagulating protein is thrombin and a thrombin 
inhibitor is used for neutralizing the coagulating pro- 
tein. 

26. A method as claimed in claim 25 wherein said 
thrombin inhibitor is selected from hirudin and D- 
phenylalanyl-propyl-arginine chloromethyl ketone 
(PPACK). 

27. A method as claimed in any one of claims 18 and 
24 to 26 wherein said biological buffer solution com- 
prises blood serum buffered with 4-(2-hydroxye- 
thyl)-1-piperazineethanesulfonic acid (HEPES). 

28. The use of fforinogen or fibrin for the manufacture 
of an intraluminal stent according to claim 1 for 
combatting restenosis. 

Patentanspruche 

1. Intraluminaistent (20) zur Restenosebekampfung 
mit an einer GefaBwand anzuordnendem Fibrin 
(24). 

2. Stent nach Anspruch 1 mit einer Unterkonstruktion 
(22) aus verformbarem Werkstoff. 

3. Stent nach Anspruch 2, wobei der verformbare 
Werkstoff Metall ist. 

4. Stent nach Anspruch 2 oder 3, wobei der verform- 
bare Werkstoff in das Fibrin eingebettet ist. 

5. Stent (30) nach Anspruch 2 oder 3. wobei das 
Fibrin in einer Schicht (32) auf dem verformbaren 
Werkstoff (34) vorliegt. 

6. Stent nach einem der AnsprQche 1 bis 5, wobei das 
Fibrin mit einem Polymermaterial vermischt ist. 

7. Stent nach einem der AnsprQche 1 bis 6 mit einem 
Fibrin, bei dem restliches koagulierendes Protein 
neutralisiert ist. 
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8. Stent nach einem der Anspruche 1 bis 7, wobei das 
Fibrin einen therapeutischen Stoff enthait 

9. Stent nach Anspruch 8, wobei der therapeutische 
Stoff in Mikrokapseln eingefugt ist. s 

10. Stent nach Anspruch 8 Oder 9, wobei der therapeu- 
tische Stoff ein Antikoagulans, Antipiattchen, Anti- 
metabolit und/oder Antimitotikum ist. 

10 

11. Stentanordnung mit einem Stent (20) nach einem 
der Anspruche 1 bis 10 sowie ferner mit einem 
Katheter (10), der an seinem distalen Ende einen 
Ballon (1 5) aufweist, wobei der Stent an der AuGen- 

f lache des Ballons angebracht ist. is 



23. Verfahren nach Anspruch 22, wobei der Katheter 
. ein Ballonkatheter ist und der Stent auf dem Ballon 
befestigt wird. 

24. Verfahren zur Herstellung eines Intraluminalstents 
zur Restenosebekampfung nach Anspruch 1, 
wobei 

(a) Fibrinogen mit einem koagulierendem Pro- 
tein zur Erzeugung von Fibrin vermischt, 

(b) das koagulierende Protein neutralisiert, 

(c) das Fibrin in einer biologischen PufferlO- 
sung incubiert und 

(d) das Fibrin zu einem Intraiuminalstent 
geformt wird. 



12. Verfahren zur Herstellung eines Intraluminalstents 
zur Restenosebekampfung nach Anspruch 1, 
wobei auf einem Stentsubstrat Fibrin aufgetragen 
wird. 20 

13. Verfahren nach Anspruch 12, wobei das Fibrin auf 
dem Substrat polymerisiert wird. 

14. Verfahren nach Anspruch 13, wobei die Polymeri- 25 
sation dadurch erfolgt, daB auf das Substrat nach- 
einander (a) eine Ldsung aus Fibrinogen und (b) 
eine LOsung aus einem Fibrinogen koaguiierenden 
Protein aufgetragen wird. 

30 

15. Verfahren nach Anspruch 14, wobei der koagulie- 
rende Effekt des restlichen koaguiierenden Prote- 
ins neutralisiert wird. 

1 6. Verfahren nach Anspruch 1 5, wobei die Neutralise- 35 
rung durch Zusatz eines Thrombinhemmers erfolgt. 

17. Verfahren nach einem der AnsprOche 14 bis 16, 
wobei das Fibrinogen koagulierende Protein 
Thrombin, Reptilase und/oder Ancrod ist. 40 



25. Verfahren nach Anspruch 24, wobei das koagulie- 
rende Protein Thrombin ist und zum Neutralisieren 
des koaguiierenden Proteins ein Thrombinhemmer 
verwendet wird. 

26. Verfahren nach Anspruch 25, wobei der Thrombin- 
hemmer Hirudin und/oder D-phenylalanyl-propyl- 
arginin-chlormethyl-keton (PPACK) ist 

27. Verfahren nach einem der AnsprOche 18 und 24 bis 
26, wobei die biologische Pufferlfisung mit 4-(2- 
hydroxyethyl)-1 -piperazinethansulfonsaure 
(HEPES) gepuffertes Blutserum enthait. 

28. Verwendung von Fibrinogen Oder Fibrin zur Her- 
stellung eines Intraluminalstents nach Anspruch 1 
zur Restenosebekampfung. 

Revendications 

1 . Dilatateur intraluminal (20) destine a combattre une 
restenose, ledit dilatateur comprenant de la fibrine 
(24) agenc6e de manure a §tredispos6e au niveau 
de la paroi vasculaire d'une lumfere. 



18. Verfahren nach einem der Anspruche 13 bis 17, 
wobei ferner das Fibrin in einer biologischen Puffer- 
lOsung incubiert wird. 

45 

19. Verfahren nach Anspruch 12, wobei ein Fibrin-Vor- 
laufer auf das Substrat aufgetragen wird. 

20. Verfahren nach Anspruch 19, wobei der Voriaufer 
eine Schicht ist. so 

21. Verfahren nach Anspruch 19 oder 20, wobei der 
Voriaufer an dem Substrat angeWebt wird. 

22. Verfahren nach einem der AnsprOche 12 bis 21, ss 
wobei der Stent ferner am distalen Ende eines 
Katheters befestigt wird. 



2. Dilatateur selon la revendication 1 , comportant une 
structure sous-jacente (22) form6e d'un materiau 
d6formable. 

3. Dilatateur selon la revendication 2, dans lequel ledit 
materiau d6formable est un m6tal. 

4. Dilatateur selon Tune ou I'autre des revendications 
2 et 3, dans lequel ledit materiau dSformable est 
noy6 dans la fibrine. 

5. Dilatateur (30) seion Tune ou I'autre des revendica- 
tions 2 et 3, dans lequel la fibrine est dispos6e sous 
la forme d'un film (32) sur ledit mat6riau d6fbrmable 
(34). 

6. Dilatateur selon Tune quelconque des revendica- 
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tions 1 k 5, dans tequel la f brine est m6lang6e k un 
material) polymere. 

7. Dilatateur selon Tune quelconque des revendica- 
tions 1 k 6, comprenant une fibrine, dans laquelle 
une proteins de coagulation residuelle a 6t6 nsutra- 
Iis6e. 

8. Dilatateur seion Tune quelconque des revendica- 
tions 1 k 7, dans lequel ia fibrine contient une subs- 
tance th6rapeutique. 

9. Dilatateur selon la revendication 8, dans lequel 
lad'rte substance therapeutique est incorpor6s dans 
des microcapsules. 

10. Dilatateur selon Tune ou Pautre des revendications 
8 et 9, dans lequel ladite substance therapeutique 
est choisie parmi des medicaments anticoagulants, 
des medicaments antiplaquettaires, des medica- 
ments antimetabolites et des medicaments antimi- 
totiques, 

11. Ensemble k dilatateur comprenant un dilatateur 
(20) tel que revendiqu6 selon I'une quelconque des 
revendications 1 k 10, comprenant en outre un 
catheter (10) comportant un ballonnet (15) situ6sur 
son extremite distale, le dilatateur etant monte sur 
la surface exterieure dudit ballonnet. 

12. Precede pour fabriquer un dilatateur intraluminal 
pour combattre la restenose selon la revendication 
1, ledrt precede consistant k deposer la fibrine sur 
un substrat d'un dilatateur. 

13. Procede selon la revendication 12, dans lequel la 
fibrine est polymerisee sur ledit substrat. 

14. Proc6d6 selon la revendication 13, selon lequel la 
polymerisation est ex6cut6e par ^application suc- 
cessive, audit substrat, (a) d'une solution defibrino- 
gene et (b) d'une solution d'une proteine coagulant 
le fbrinogene. 

15. Proc6d6 selon la revendication 14, comprenant en 
outre la neutralisation de Peffet de coagulation de la 
proteine residuelle realisant la coagulation. 

16. Procede selon la revendication 15, selon lequel la 
neutralisation est executes par addition d'un inhibi- 
ted de thrombins. 

1 7. Procede selon Pune quelconque des revendications 
14 & 16, dans lequel la proteine coagulants fibrino- 
gens est choisie parmi la thrombine, la reptilase et 
Pancrode. 

18. Procede selon Pune quelconque des revendications 



13 & 17, comprenant en outre P6tape consistant k 
fairs incuber la fibrine dans une solution biologique 
tampon. 

5 19. Proc6d6 selon la revendication 12, selon lequel la 
preforms de fibrine est appliques audit substrat. 

20. Procede selon la revendication 19, selon lequel 
ladite preforme est un film. 

w 

21. Procede selon I'une ou Pautre des revendications 
19 et 20, selon lequel ladite preforme est fixes audit 
substrat avec un adhesif. 

75 22. Procede selon Pune quelconque des revendications 
12 k 21, comprenant en outre I'etape consistant k 
fixer le dilatateur sur Pextremite distale du catheter. 

23. Procede selon' la revendication 22, selon lequel le 
20 catheter est un catheter k ballonnet et le dilatateur 

est fixe sur le ballonnet dudit catheter. 

24. Proc6d6 pour fabriquer un dilatateur intraluminal 
pour combattre la restenose selon la revendication 

25 1 , ledit proc6d6 comprenant les etapes consistant k 



(a) meianger un fibrinogens avec une proteine 
coagulante pour produire de la fibrine; 
30 (b) neutraliser la proteine coagulante; 

(c) fairs incuber la fibrine dans une solution bio- 
logique tampon; et 

(d) former la fibrine dans un dilatateur intralu- 
minal. 

35 

25. Procede selon la revendication 24, selon lequel 
ladite proteine coagulante est de la thrombine, et 
on utilise un inhibrteur de thrombine pour neutrali- 
ser la proteine coagulante. 

40 

26. Procede selon la revendication 25, selon lequel 
ledit inhibiteur de thrombine est seiectionne parmi 
Phirudine et la chloromethylcetone de D-phenylaJa- 
nyl-propyl-arginine (PPACK). 

45 

27. Proc6d6 selon I'une quelconque des revendications 
18 et 24 k 26, selon lequel ladite solution biologique 
tampon comprend du serum sanguin tamponne 
avec de Pacide 4-(2«hydroxyethyl)-1-piperazine6- 

so thanesulfonique (HEPES). 

28. Utilisation de fibrinogens ou de fibrine pour la fabri- 
cation d'un dilatateur intraluminal selon la revendi- 
cation 1 pour combattre la restenose. 

55 
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